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Abstract 

Introduction:  Recent  advances  in  medical  imaging  have  brought  post-mortem  minimally  invasive  computed  tomography  (CT)  guided 
percutaneous  biopsy  to  public  attention. 

Aims:  The  goal  of  the  following  study  was  to  facilitate  and  automate  post-mortem  biopsy,  to  suppress  radiation  exposure  to  the  inves¬ 
tigator,  as  may  occur  when  tissue  sampling  under  computer  tomographic  guidance,  and  to  minimize  the  number  of  needle  insertion 
attempts  for  each  target  for  a  single  puncture. 

Methods  and  materials:  Clinically  approved  and  post-mortem  tested  ACN-III  biopsy  core  needles  (14  gauge  x  160  mm)  with  an  auto¬ 
matic  pistol  device  (Bard  Magnum,  Medical  Device  Technologies,  Denmark)  were  used  for  probe  sampling.  The  needles  were  navigated 
in  gelatine/peas  phantom,  ex  vivo  porcine  model  and  subsequently  in  two  human  bodies  using  a  navigation  system  (MEM  centre/ISTB 
Medical  Application  Framework,  Marvin,  Bern,  Switzerland)  with  guidance  frame  and  a  CT  (Emotion  6,  Siemens,  Germany). 

Results:  Biopsy  of  all  peas  could  be  performed  within  a  single  attempt.  The  average  distance  between  the  inserted  needle  tip  and  the  pea 
centre  was  1.4  mm  (n  =  10;  SD  0.065  mm;  range  0-2.3  mm). 

The  targets  in  the  porcine  liver  were  also  accurately  punctured.  The  average  of  the  distance  between  the  needle  tip  and  the  target  was 
0.5  mm  (range  0-1  mm). 

Biopsies  of  brain,  heart,  lung,  liver,  pancreas,  spleen,  and  kidney  were  performed  on  human  corpses.  For  each  target  the  biopsy  needle 
was  only  inserted  once.  The  examination  of  one  body  with  sampling  of  tissue  probes  at  the  above-mentioned  locations  took  approxi¬ 
mately  45  min. 

Conclusions:  Post-mortem  navigated  biopsy  can  reliably  provide  tissue  samples  from  different  body  locations.  Since  the  continuous 
update  of  positional  data  of  the  body  and  the  biopsy  needle  is  performed  using  optical  tracking,  no  control  CT  images  verifying  the 
positional  data  are  necessary  and  no  radiation  exposure  to  the  investigator  need  be  taken  into  account.  Furthermore,  the  number  of 
needle  insertions  for  each  target  can  be  minimized  to  a  single  one  with  the  ex  vivo  proven  adequate  accuracy  and,  in  contrast  to  conven¬ 
tional  CT  guided  biopsy,  the  insertion  angle  may  be  oblique. 

Navigation  for  minimally  invasive  tissue  sampling  is  a  useful  addition  to  post-mortem  CT  guided  biopsy. 
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1.  Introduction 

Currently,  in  forensic  medicine,  cross-sectional  imaging 
is  being  recognised  as  a  non-invasive  examination 

i  'j 

approach  “  ,  but  neither  computed  tomography  (CT)  nor 
magnetic  resonance  imaging  are  able  to  provide  tissue 
information  at  the  cellular  level  in  a  non-invasive  manner. 
DNA,  bacteriological,  algological  and  other  specific  tissue 
analyses  are  impossible  using  radiology. 

Recent  advances  in  medical  imaging  have  brought  post¬ 
mortem  minimally  invasive  image-guided  percutaneous 
biopsy  to  public  attention.1  This  approach  allows  for  min¬ 
imally  invasive  tissue  sampling  and  provides  forensically 
relevant  tissue  information  at  the  microscopic  level.1  In 
the  study,  post-mortem  biopsy  was  manually  performed 
under  CT  guidance.1 

The  main  goal  of  the  Virtopsy  project  is  the  develop¬ 
ment  of  minimally  invasive  techniques  for  post-mortem 
examinations  of  the  body.  It  is  imaginable  that  all  currently 
studied  techniques,  such  as  post-mortem  biopsy,  angiogra¬ 
phy,  diagnostic  imaging  and  surface  scanning,  will  be 
sometime  combined  in  an  “all  in  one”  machine  such  as 
the  recently  described  Virtobot®,2  which  might  be  then  able 
to  sample  a  tissue  probe  with  the  push  of  one  button. 
According  to  this  goal,  the  step-by-step  automation  of 
the  techniques,  among  other  -  biopsy,  is  outstanding. 

The  goal  of  the  following  study  was  to  facilitate  and 
automate  post-mortem  biopsy  procedures,  to  decrease  the 
risk  of  exposure  of  the  investigator  to  ionizing  radiation, 
and  to  minimize  the  number  of  needle  insertion  attempts 
to  a  single  puncture  while  maintaining  the  accuracy  of  nee¬ 
dle  placement  in  the  target. 

2.  Material  and  methods 

Clinically  approved  and  post-mortem  tested  ACN-III 
biopsy  core  needles  (14  gauge  x  160  mm)  with  an  auto¬ 
matic  pistol  device  (Bard  Magnum,  Medical  Device  Tech¬ 
nologies,  Denmark)  were  used  for  sampling  the  probes.1 
The  needles  were  navigated  in  a  gelatine/peas  phantom, 
in  an  ex  vivo  porcine  model  and  subsequently  in  two 
human  corpses  using  a  navigation  system  (MEM  Centre/ 
ISTB  Medical  Application  Framework,  Bern,  Switzerland) 
with  a  guidance  frame  and  a  CT. 

2.7.  CT 

CT  scanning  of  the  gelatine  phantom  with  peas,  of  the 
ex  vivo  porcine  model  and  the  human  bodies  was  carried 
out  on  a  6-row  scanner  (Emotion  6,  Siemens,  Germany) 
using  a  collimation  of  6  x  0.5  mm  (slice  thickness  0.63 
mm,  reconstruction  kernel  B30s). 


2.2.  Navigation  system 

A  navigation  system  (MEM  Centre/ISTB  Medical 
application  platform,  Bern,  Switzerland)  including  an  opti¬ 
cal  tracking  system  (Polaris,  Northern  Digital  Inc., 
Ontario,  Canada)  for  continuous  update  of  positional  data 
of  the  body  and  the  biopsy  needle  was  used.4,5  The  naviga¬ 
tion  system  tracks  the  position  of  active  (light  emitting 
diode)  and  passive  (infra-red  reflectors)  optical  markers. 
Four  marker  shields,  each  consisting  of  four  optical  mark¬ 
ers,  were  used  to  track  positions  of  tools  and  rigid  objects. 
A  marker  shield  was  mounted  on  the  biopsy  pistol  (passive) 
(Fig.  la),  a  pointer  (passive),  the  needle  guide  (active)  and 
the  CT  table  (active).  Each  marker  shield  spans  a  local 
coordinate  system  in  which  the  spatial  position  of  the 
biopsy  pistol  or  the  CT  slice  stack  are  defined.  This  defini¬ 
tion  is  done  by  using  pivoting  algorithms  (pointers),  cali¬ 
bration  blocks  (biopsy  needle)  or  paired  point  matching 
(CT  volume  dataset).4  Within  the  setup  of  the  navigation 
system  each  tool  was  calibrated  once. 

2.3.  General  workflow  for  navigated  biopsy 

The  navigation  procedure  consists  of  six  steps: 

First,  at  least  four  radiologically  visible  multimodality 
markers  (IZI  Medical,  Baltimore,  USA)  are  placed  onto 
the  object  undergoing  biopsy  to  allow  for  paired  point 
matching  (1)  (Fig.  2a).  Subsequently,  a  CT  scan  of  the 
object  is  performed  (2)  and  the  CT  volume  dataset  is 
uploaded  to  the  navigation  system  (3).  The  dataset  is  regis¬ 
tered  to  the  CT  table  fixed  coordinate  system  by  using 
paired  point-  and  surface  matching  techniques  (4). 4,5  The 
next  step  is  the  definition  of  the  biopsy  target  in  the  dataset 
(5),  followed  by  insertion  of  the  needle  and  biopsy  (6). 

The  insertion  of  the  needle  can  either  be  manually  per¬ 
formed  or  using  a  needle  guide.  The  needle  guide  consists 
of  a  frame  with  a  60  cm  long  arm  with  three  ball  joints 
and  a  needle  guider  at  the  end  of  the  arm  (Fig.  la).  The 
frame  can  be  mounted  to  the  side  fasteners  of  the  CT  table. 
Using  the  three  ball  joints  the  arm  with  the  needle  guide 
can  be  easily  positioned  in  a  user-defined  direction  within 
the  radius  of  approximately  60  cm. 

2.4.  Preliminary  studies 

The  following  three  studies  were  performed  to  test  the 
accuracy  of  the  post-mortem  navigated  biopsy. 

2.4.1.  Study  1 

A  phantom  of  concentrated  gelatine  containing  ten 
equally  sized  peas  (mean  diameter  5.5  mm;  range 
5-6  mm)  was  prepared.  The  biopsy  was  performed  manu¬ 
ally  without  the  needle  guide  (steps  1-6). 
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Fig.  1.  Study  2:  (a)  The  biopsy  of  peas  in  a  gelatine  phantom  using  a  needle  guide  (thick  arrow)  is  shown  on  the  image.  The  needle  guide  consists  of  a 
frame  (thick  arrow)  that  is  mounted  to  the  side  fasteners  of  the  CT  table,  a  60  cm  long  arm  with  three  ball  joints  and  a  needle  guider  at  the  end  of  the  arm 
(thin  arrow).  The  pistol  device  with  the  biopsy  needle  passes  through  the  needle  guider  (thin  arrow);  (b)  A  slice  of  the  gelatine  phantom  shows  a  trace  of  the 
biopsy  needle  and  a  punctured  pea. 


Fig.  2.  (a)  The  image  shows  3D  volume  rendering  reconstruction  of  the  CT  data  of  the  thorax  of  the  human  case  1.  The  radiologically  visible 
multimodality  markers  are  placed  on  the  right  thorax  (arrows),  (b)  The  set  up  of  the  CT  data-based  biopsy  of  the  human  case  2  using  the  navigation 
system  (double  arrow)  and  the  needle  guide  mounted  to  the  CT  table. 


2.4.2.  Study  2 

The  same  steps  as  in  the  previous  study  were  applied  on 
a  similar  phantom,  with  the  exception  that  before  step  6  - 
insertion  of  the  needle  and  biopsy  -  the  needle  guide  was 
firstly  brought  into  the  correct  position  and  the  insertion 
of  the  needle  was  performed  through  the  needle  guide 

(Fig.  2). 

2.4.3.  Study  3 

This  study  with  a  porcine  liver  was  carried  out  to  test  the 
biopsy  in  biological  tissue  and  to  thereby  check  for  possibly 
different  needle-tissue  behaviour  in  a  biologic  organ  as 
compared  with  the  gelatine  phantom. 

Using  a  conventional  syringe,  traces  of  a  contrast  med¬ 
ium  were  injected  into  the  depth  of  the  organ  in  three  dif¬ 
ferent  points  to  provide  three  radiologically  visible  targets. 
Within  the  last  step  of  the  general  workflow,  biopsy  of  the 
contrasted  targets  in  the  liver  was  manually  performed. 

In  all  these  studies,  the  examined  object  was  scanned  fol¬ 
lowing  the  biopsy  and  the  calculation  of  the  distance 


between  the  needle  tip  and  the  centre  of  a  target  was  per¬ 
formed  on  the  angulated  CT  images. 

2.4.4.  Human  corpses 

Application  of  the  biopsy  method  to  human  bodies  was 
approved  by  the  local  ethical  committee.  One  cadaver 
donated  to  research  from  the  local  anatomical  institute 
and  another  one  admitted  to  our  institute  for  forensic 
autopsy  underwent  navigated  biopsy.  The  steps  for  the 
navigated  biopsy  were  the  same  as  in  the  general  workflow 
followed  by  selection  of  targets  in  the  brain,  heart,  lung, 
liver,  pancreas,  spleen  and  kidney.  The  additional  guide 
frame  (as  in  the  preliminary  study  2)  was  used.  At  least 
one  specimen  (range  1-3)  from  each  location  was  sampled 
in  both  cases. 

The  approaches  for  different  tissues  were  the  same  as  in 
the  previously  reported  study.1  Removed  tissue  samples 
were  fixed  in  phosphate-buffered  4%  paraformaldehyde, 
routinely  processed  and  stained  for  histology.  The  stained 
sections  were  evaluated  by  a  board-certified  pathologist. 
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Following  the  biopsy  procedure,  the  body  from  the  ana¬ 
tomical  institute  was  returned  without  autopsy.  The  body 
admitted  to  our  forensic  institute  routinely  proceeded  for 
a  conventional  autopsy. 

3.  Results 

3.1.  Study  1 

A  probe  from  a  pea  was  achieved  in  a  single  attempt  in 
seven  out  of  ten  peas.  For  the  remaining  three  peas  a  sec¬ 


ond  attempt  was  necessary.  The  calculated  averaged  dis¬ 
tance  between  the  needle  tip  and  the  centre  of  pea  was 
1.8  mm  {n  =  7;  SD  0.029;  range  1.4-2. 3  mm). 

3.2.  Study  2 

Biopsies  of  all  the  peas  were  performed  with  a  single 
attempt  (Fig.  lb).  The  calculated  averaged  distance 
between  the  needle  tip  and  the  centre  of  pea  was  1 .4  mm 
(n=  10;  SD  0.061  mm;  range  0-2.2  mm). 


Fig.  3.  3D  reconstructions  of  the  needle  inserted  to  the  right  lung  (a),  liver  (b),  kidney  (c)  and  pancreas  (d)  using  a  wide  window  with  a  centre  between 
usual  bone  and  lung  windows.  In  the  images  (b)  and  (d),  the  biopsy  needle  is  coloured  for  better  visualization. 


Fig.  4.  Selecting  a  target  and  the  biopsy  of  the  lung  in  the  human  case  2:  (a)  Screenshot  of  the  navigation  system  demonstrates  planning  of  the  target  in  the 
left  lung.  Note  the  two  circular  targets  in  the  lower  right  corner;  their  overlap  changes  the  colour  gradually  to  green  and  indicates  a  correctly  directed 
needle;  (b)  Angulated  CT  image  shows  needle  inserted  into  the  left  lung  before  the  biopsy. 
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3.3.  Study  3 

Biopsies  of  all  three  targets  in  the  liver,  which  were 
approximately  2.5  mm  in  size  (range  2-3  mm),  were  accu¬ 
rately  achieved.  The  average  distance  between  the  needle 
tip  and  the  aimed  centre  of  the  target  was  0.5  mm  (n  =  3; 
range  0-1  mm). 

3.4.  Human  corpses 

Biopsies  of  the  brain,  heart,  lung,  liver,  pancreas,  spleen 
and  kidney  were  accurately  performed  (Fig.  3).  For  each 
target  the  biopsy  needle  was  inserted  only  once.  The  biopsy 
of  the  brain  was  performed  as  a  separate  biopsy  procedure 
with  a  repetition  of  all  steps. 

The  preparation  of  a  biopsy  procedure  including  steps 
1-4,  until  a  target  was  selected  and  punctured,  took 
approximately  15  min.  The  selecting  of  a  target  and  its 
biopsy  required  less  than  2  min  for  each  target  (Fig.  4). 
Thus,  in  a  body,  sampling  of  tissue  probes  from  the  above 
mentioned  locations  took  approximately  50  min.  Tissue 
samples  of  adequate  quality  with  a  mean  width  of 
1.6  mm  (range  1.2-1. 9  mm)  and  a  mean  length  of  15  mm 
(range  5-20  mm)  were  obtained  from  all  locations. 

4.  Discussion 

Post-mortem  minimally  invasive  biopsy  is  a  requisite  for 
definitive  diagnosis  within  the  concept  of  image-guided 
post-mortem  virtual  autopsy.  Additionally  to  the  diagnos¬ 
tic  abilities  of  post-mortem  medical  imaging,  this  approach 
provides  forensically  relevant  tissue  information  at  a 
microscopic  level  using  a  minimally  invasive  approach. 
Its  practicality  has  been  shown  in  a  previous  study,  where 
tissue  sampling  was  performed  under  CT  fluoroscopy1, 
which  is  well  known  in  clinical  medicine.  Although  this 
procedure  may  look  simple  and  easy,  there  is  a  challenge 
in  precisely  and  consistently  aiming  and  delivering  the  nee¬ 
dle.  Misplacement  of  biopsy  needles  are  usually  associated 
with  longer  examination  times  since  they  require  extra  CT 
images  or  control  scans  verifying  the  position  of  the  needle 
after  corrective  replacement.  Additional  CT  fluoroscopy 
may  lead  to  increased  radiation  exposure  to  the  investiga¬ 
tor  -  as  it  is  known  from  the  clinical  literature.  Misplace¬ 
ments  also  include  overdriving  the  needle,  which  may 
destroy  surrounding  tissue. 

The  goal  of  the  present  study  was  to  facilitate  and  auto¬ 
mate  post-mortem  biopsy  procedures,  to  make  them  less 
hazardous  for  the  investigator  and  to  confine  the  number 
of  needle  insertion  attempts  for  a  target  to  a  single  punc¬ 
ture,  while  retaining  the  accuracy  of  needle  placement  in 
the  target. 

A  navigation  system  for  guiding  the  biopsy  needle  was 
constructed.  The  accuracy  of  its  navigation  for  manual 
biopsy  was  tested  on  a  gelatine  phantom  in  study  1 .  In  this 
study,  needle  bending  was  the  major  limitation  for  an  accu¬ 
rate  puncture  of  the  peas.  Therefore,  for  the  second  study 


an  additional  guidance  frame/needle  guide  was  con¬ 
structed.  This  frame  with  the  needle  guider  allowed  the  pre¬ 
vention  of  most  of  the  needle  bending  outside  the  phantom. 
The  accuracy  of  the  biopsy  in  the  second  study  was  consid¬ 
erably  better  with  the  guidance  frame. 

The  study  with  the  porcine  liver  was  performed  to  ascer¬ 
tain  possible  accuracy  differences  between  biopsy  in  biolog¬ 
ical  tissue  and  in  gelatine.  Puncturing  of  contrasted  targets 
in  a  porcine  liver,  however,  exhibited  good  accuracy  of  the 
navigated  biopsy,  comparable  to  the  studies  with  peas. 

Following  the  accuracy  tests,  the  navigated  biopsy  was 
applied  to  human  corpses.  Biopsies  of  the  brain,  heart, 
lung,  liver,  pancreas,  spleen  and  kidney  were  performed. 
Using  the  guidance  frame,  the  biopsy  of  each  target 
required  only  one  needle  insertion  as  desired  for  the 
described  study. 

The  lowest  accuracy  was  documented  in  study  1  when 
performing  a  manual  biopsy.  The  manual  biopsy  is  faster 
in  comparison  with  the  frame-guided  biopsy  because  the 
frame  does  not  have  to  be  mounted  and  positioned.  Such 
a  biopsy  technique  may  be  reasonable  when  precision  is 
less  essential. 

We  separated  the  biopsy  procedure  of  the  brain  from  the 
biopsies  of  the  other  organs  performing  CT  scans  of  the 
head  and  trunk  as  two  procedures  to  avoid  possible  move¬ 
ments  of  the  head  in  relation  to  the  trunk  and,  thereby,  a 
lower  accuracy.  However,  this  would  be  unnecessary  if 
the  rigor  mortis  of  the  body  is  definitive  or  if  the  head  is 
fixed  to  the  CT  table. 

Using  the  presented  navigation  system,  only  one  CT 
scan  of  the  body  part  undergoing  biopsy  is  necessary.  This 
scan  is  performed  from  beyond  the  radiation  area  prior  to 
the  biopsy  procedure.  The  continuous  update  of  positional 
data  of  the  body  and  the  biopsy  needle  during  the  tissue 
sampling  is  provided  by  the  optical  tracking  of  the  naviga¬ 
tion  system.  Thus,  control  images  of  the  needle  position  are 
unnecessary  and  the  risk  of  exposure  to  ionizing  radiation 
of  the  investigator  is  thereby  decreased  to  a  minimum. 

Optical  navigation  is  a  recognized  tool  in  clinical  biopsy 
as  well  as  in  orthopaedic,  maxilo-facial  or  neuro-surgery 
for  guidance.  The  major  limitation  of  its  use  for  navigated 
clinical  biopsy  is  patient  movements,  which  need  not  be 
taken  into  account  when  using  post-mortem  navigated 
biopsy. 

Using  conventional  CT  guided  biopsy,  it  is  necessary  to 
insert  the  biopsy  needle  in  the  axial  plane  to  be  able  to 
observe  the  whole  needle  on  axial  CT  control  images  in 
order  to  estimate  its  direction.  Since  the  positional  data 
of  the  biopsy  needle  and  the  body  is  continuously  updated 
using  optical  tracking,  the  navigated  biopsy  allows  for  an 
oblique  insertion  of  the  needle.  This  provides  more  free 
space  for  performing  a  biopsy,  avoiding  bones  or  injury 
to  important  tissues  en-route.  This  can  be  very  helpful  in 
the  biopsy  of  lung  tissue,  which  is  widely  overlapped  by 
ribs.  A  hole  in  the  skull  for  the  brain  biopsy  may  also  be 
placed  at  any  site  and  used  for  biopsy  access  to  multiple 
locations.1 
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One  reasonably  skilled  medical  investigator  using  the 
assistance  of  a  second  person,  e.g.  of  the  CT  technician 
who  is  performing  the  CT  scan,  can  deal  with  the  user- 
friendly  navigation  system  performing  such  a  biopsy. 

Our  studies  suggest  that  the  primary  cause  of  needle 
placement  error  is  needle  bending.  Using  the  guidance 
frame  it  is  possible  to  overcome  most  of  the  needle  bending 
outside  the  body.  The  guidance  frame  stabilises  the  biopsy 
needle  during  insertion.  The  observer-dependant  swinging 
of  the  needle  with  the  pistol  device  is  thereby  minimised. 
Any  bending  of  the  needle  that  still  exists  might  be  reduced 
applying  thicker  and  stronger  needles. 

Although  in  the  preliminary  study  good  results  in  the 
biopsy  of  the  porcine  liver  were  achieved,  we  did  not  obtain 
samples  from  defined  organ  locations  of  focal  pathology 
but  just  obtained  normal  organ  histology.  Furthermore 
we  did  not  simulate  and  test  tissue  inhomogeneities  in  a 
penetrated  body  which  we  suppose  may  cause  needle  place¬ 
ment  errors. 

The  examination  time  of  a  body  with  tissue  sampling 
from  the  above  mentioned  locations  is  a  current  limitation. 
The  direct  registration  of  the  radiological  dataset  of  the 
body  on  the  CT  table  might  save  up  to  two  thirds  of  the 
preparation  time.  This  is  the  theme  of  ongoing  work. 
Implementation  of  a  robotic  arm  for  biopsy  might  also 
considerably  automate,  facilitate  and  speed  up  the  mini¬ 
mally  invasive  biopsy  procedure.  The  use  of  similar  biopsy 
techniques  with  a  robotic  arm  for  selected  applications  in 
clinical  patients  has  already  been  reported.6  8  Finally,  we 
did  not  compare  the  results  of  histological  examination 
of  biopsy  specimens  with  the  specimens  sampled  at  autopsy 
since  we  had  only  two  human  corpses,  only  one  of  which 
underwent  autopsy.  Further  multi-case  studies  on  this  issue 
are  certainly  desirable. 

In  summary,  post-mortem  navigated  biopsy  can  reliably 
provide  tissue  samples  from  different  locations  of  the  body. 
Since  the  continuous  update  of  positional  data  of  the  body 
and  the  biopsy  needle  is  performed  using  optical  tracking, 
no  control  CT  images  verifying  the  positional  data  are  nec¬ 


essary  and  thus  no  radiation  exposure  to  the  investigator 
arises.  The  number  of  needle  insertions  can  be  minimized 
to  a  single  one  with  the  proven  adequate  accuracy  and, 
in  contrast  to  conventional  CT  guided  biopsy,  the  insertion 
angle  may  be  oblique. 

In  the  foregoing,  we  believe  that  we  have  been  able  to 
demonstrate  that  navigation  for  minimally  invasive  tissue 
sampling  is  a  useful  addition  to  post-mortem  CT  guided 
biopsy. 
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